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Abstract
Rationale: In the past decade, there have been various attempts to understand the initiation and progression of
tobacco smoking among adolescents. One line of research on these issues has made strong claims regarding the
speed in which adolescents can become physically and mentally addicted to smoking. According to these claims,
and in contrast to other models of smoking progression, adolescents can lose autonomy over their smoking
behavior after having smoked one puff in their lifetime and never having smoked again, and can become mentally
and physically “hooked on nicotine” even if they have never smoked a puff.
Objectives: To critically examine the conceptual and empirical basis for the claims made by the “hooked on
nicotine” thesis.
Method: We reviewed the major studies on which the claims of the “hooked on nicotine” research program are
based.
Results: The studies we reviewed contained substantive conceptual and methodological flaws. These include an
untenable and idiosyncratic definition of addiction, use of single items or of very lenient criteria for diagnosing
nicotine dependence, reliance on responders’ causal attributions in determining physical and mental addiction to
nicotine and biased coding and interpretation of the data.
Discussion: The conceptual and methodological problems detailed in this review invalidate many of the claims
made by the “hooked on nicotine” research program and undermine its contribution to the understanding of the
nature and development of tobacco smoking in adolescents.
Review
Anthony et al. [1] observed that most teenagers (75.6%)
experiment with tobacco but less than one third of
those (31.9%) develops tobacco dependence. This find-
ing raises two important questions, which have received
considerable attention in smoking research over the past
decades. First, what drives adolescents to experiment
with smoking? Second, why do a sizeable proportion of
these youngsters become habitual and heavy smokers in
spite of the widely publicized health hazards associated
with smoking?
Most researchers believe that the answers to these
questions are complex and partially overlapping. Both
the latency to the first puff and subsequent progression
to daily smoking are correlated with a variety of
parameters, including gender [2], sociostructural [3] and
socioeconomic [2,4-6] variables, early dating [7], person-
ality variables [8], parental [9,10] and peer smoking
[2,11], disorderly conduct [4-6,10], academic achieve-
ment [11], ethnicity [2], self-efficacy [2], mental health
[4-6,12], religiosity [13], restaurant smoking restrictions
[14], and use of other drugs [4,5,15]. In addition, several
studies have postulated that progression to regular
smoking is associated with a positive experience with
the first cigarette. Evidence for this hypothesis comes
from studies of smokers’ and nonsmokers’ recollections
of their first cigarette, in which current smokers report
more positive recollections of this experience than cur-
rent non-smokers [16-19].
While the studies briefly reviewed attempt to delineate
factors that can mediate progression from initiation to
habituation of smoking, a recent line of research postu-
lates that this progression is essentially universal and is
propelled by nicotine addiction that develops very
* Correspondence: ruvidar@freud.tau.ac.il
1Tel Aviv University, P.O. Box 39040, Tel Aviv 69978, Israel
Full list of author information is available at the end of the article
Dar and Frenk Harm Reduction Journal 2010, 7:28
http://www.harmreductionjournal.com/content/7/1/28
© 2010 Dar and Frenk; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.rapidly [20-31]. In contrast to the studies reviewed
above and to previous models of smoking progression
[32,33], this line of research holds that one puff from a
cigarette may be enough to get a teenager “hooked” on
cigarettes. Researchers associated with the “hooked on
nicotine” thesis have asserted that their findings carry
imperative implications for smoking prevention policies.
Scragg et al. [34], for example, concluded their study
with the warning that “in light of the strength of the
accumulated evidence, it would be irresponsible to with-
hold from youth a clear warning that experimentation
with even one cigarette may initiate addiction. Legisla-
tion world-wide should aim to end the sale of single
cigarettes and small packs, and ban the distribution of
free samples of tobacco products” (p. 697). The purpose
of the present article is to examine the validity of these
far-reaching conclusions. We begin by summarizing
some of the central studies in this research program,
noting their major findings as well as major questions
that these findings raise. We follow by critically examin-
ing the conceptual and empirical basis for the claims
made by the “hooked on nicotine” program.
Major findings and associated questions
A highly cited study by O’Loughlin et al. [28] reported
the survey responses of 241 grade seven students who
smoked “ap u f fo rm o r e ” in the 3 months preceding
the survey. Its findings were disturbing: Over half of
the students who smoked only 1-2 cigarettes in their
lifetime ("triers”), according to the study, have “lost
autonomy” over their smoking. The findings reported
in this study, however, invoke some puzzling questions.
How can adolescents who smoked only one cigarette
in their lifetime be claimed to have lost autonomy over
their smoking? Presumably, the fact that they never
smoked again testifies against such loss of autonomy.
Just as inexplicable is the finding that over one third
of the “sporadic smokers” in this sample reported
“feeling nervous, anxious, tense on stopping.”“ Sporadic
smokers” were defined as those who smoked at least
one cigarette per year but less than one cigarette per
month. How could such smokers have withdrawal
symptoms “on stopping?” It would appear that, by defi-
nition, these responders were in a virtually permanent
state of stopping.
According to O’Loughlin et al. [28], 13% of the “triers”
believed they were mentally addicted and 11% that they
were physically addicted to smoking. Assuming for a
minute that these children could make valid judgments
about the causes of their “symptoms” (as we shall dis-
cuss later, there is no reason to assume that), what can
it mean when a teenager who smoked at most a couple
of cigarettes in her lifetime perceives herself as mentally
or physically addicted?
Similarly puzzling are the findings of a prospective
study of 217 six-grade students from Massachusetts who
have ever inhaled on a cigarette [24]. The study reported
that 127 of these “inhalers” lost autonomy over their
tobacco use, 10% having done so within 2 days and 25%
having done so within 30 days of first inhaling on a
cigarette; half had lost autonomy by the time they were
smoking 7 cigarettes per month. These findings contra-
dict those of a large body of studies of adult “chippers”
[35], who “despite having smoked tens of thousands of
cigarettes, show few signs of nicotine dependence” [36],
p. 509). Moreover, DiFranza et al. [24] reported that
tobacco dependence as defined by the ICD-10 was diag-
nosed as early as 13 days after the first inhalation.
Eighty three of the inhalers (38.2%) developed ICD-10-
defined tobacco dependence, half of whom by the time
they were smoking only 46 cigarettes per month.
According to the study, 25% of the participants were
ICD-10 nicotine dependent when they were smoking
only 8 or fewer cigarettes per month. These latter find-
ings are perplexing. First, ICD criteria require that the
symptoms “should have occurred together for at least 1
month or, if persisting for periods of less than 1 month,
should have occurred together repeatedly within a 12-
month period” [37], so how could the diagnosis be
made 13 days following the first inhalation? And how
could other symptoms required to make the diagnosis
(e.g., withdrawal, tolerance, preoccupation with the sub-
stance, continued use despite harmful effects) develop in
such a brief period?
Gervais et al. [38] reported that “Mental addiction was
concomitant with smoking a whole cigarette and some-
times occurred even before initiation, possibly reflecting
high susceptibility to initiating tobacco use” (p. 260).
Similar findings were reported in a more recent study
[39], which assessed nicotine dependence symptoms
among 10-12 year old children whether or not they
smoked. Of 1488 never-smokers, sixty-nine (4.6%)
reported at least one nicotine dependence symptom.
According to these studies, then, adolescents can
develop symptoms of nicotine addiction even when they
have never smoked a puff, a proposition that seems
counterintuitive.
Scragg et al. [34] reported the results of a very large
survey (n = 96,156) of 14-15 year old students in
New Zealand. The report concluded that “diminished
autonomy” over smoking could be prompted by smok-
ing a single cigarette: 46% of subjects who smoked less
often than monthly reported one or more nicotine
dependence symptoms. More than 25% of those who
have smoked only one cigarette in their lifetime reported
one or more symptoms. Nine percent of them reported
that it was hard for them to keep from smoking in
places where you are not supposed to. Most remarkably,
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lifetime, and the same proportion of those who only
smoked 1-2 puffs (in the 2004 survey), reported that
they “have tried to quit but couldn’t.” It is unclear how
one can to fail to quit if one has smoked at most a sin-
gle cigarette in his or her lifetime. In discussing this
finding, the authors acknowledge that this “may seem
logically impossible.” In an apparent attempt to resolve
this logical difficulty, they report that “One author (JRD)
has spoken with adolescents who claimed ‘love at first
puff’, knowing from their reaction to their first cigarette
that they would be smokers for life” (p. 696).
In sum, according to the “hooked on nicotine” line of
research, adolescents can lose autonomy over their
smoking after having smoked one puff in their lifetime
and never having smoked again and can become men-
tally and physically addicted to nicotine even if they
have never smoked a puff. Below, we examine the theo-
retical and empirical basis of these assertions. This
examination shows that the conclusions of the “hooked
on nicotine” research program are undermined by
numerous conceptual and methodological shortcomings.
Defining nicotine addiction as loss of autonomy
As the brief review above shows, many of the studies in
the “hooked on nicotine” research program claim that
adolescents can lose autonomy over their smoking beha-
v i o rf o l l o w i n gas i n g l ep u f ff r o mac i g a r e t t ea n de v e n
following only second-hand exposure to cigarettes [39].
As this is the principal claim of this research program,
we begin by describing the development of its concep-
tual and methodological tradition.
The first in the “hooked on nicotine” series of studies
[20] concluded that “The first symptoms of nicotine
dependence can appear within days to weeks of the
onset of occasional use, often before the onset of daily
smoking” (Abstract, p. 313). This was the first publica-
tion from the Development and Assessment of Nicotine
Dependence in Youth (DANDY) study. The theoretical
and methodological approach was the same one that
would be used in later studies by this group: “Since the
DSM-IV definition of nicotine dependence does not
allow for the possibility that dependence might start
before “prolonged heavy use”, the DSM-IV criteria were
not used in this study. Accordingly, subjects were not
diagnosed as being nicotine dependent, or experiencing
a “withdrawal syndrome” according to DSM-IV criteria.
Rather, we report only on whether subjects report any
individual symptoms that are associated with depen-
dence” (p. 314).
In the next study with the same participants [22] 10 of
the items used in the first study were modified to create
the “Hooked on Nicotine Checklist” (HONC; see Table
1). The authors’ definition of nicotine dependence was
formalized in the framework of a novel “autonomy the-
ory.” According to autonomy theory, “the onset of
dependence can be defined as the moment when an
individual loses full autonomy over the use of tobacco.
In philosophical terms, the loss of autonomy begins
when discontinuing the use of tobacco is no longer an
effortless exercise of free will.” Moreover, “Based on the
philosophical concept that an individual either has
autonomy or does not” loss of autonomy was registered
“if any of the 10 HONC items was endorsed at any
time” (p. 399).
There are inherent problems with the conceptualiza-
tion nicotine addiction as formulated by DiFranza et al.
[22]. To begin with, the notion that loss of autonomy
begins “when discontinuing the use of tobacco is no
longer an effortless exercise of free will” is untenable.
Many human behaviors are habitual and automatic
rather than intentional and willful, so that both per-
forming and discontinuing them is rarely “an effortless
exercise of free will” [40,41]. One could replace “the use
of tobacco” in the above definition with a range of beha-
viors from “brushing teeth in the morning” through
“looking right and then left when crossing the street” to
“saying ‘bless you’ when someone sneezes.” By this cri-
terion, then, humans have lost autonomy over most of
their routine behaviors, which renders the criterion so
non-specific that it loses any utility as a marker of
addiction.
As shown above, the “hooked on nicotine” program
holds that adolescents can lose autonomy over smoking
after smoking a single puff in their lifetime and even
when they have only been exposed to secondhand
smoke. This leads to the paradoxical conclusion that
one can lose autonomy over a behavior (in this case,
smoking) that has never been performed. For the
“hooked on nicotine” proponents this proposition may
not be paradoxical, as they has consistently argued that
Table 1 The Hooked on Nicotine Checklist (adapted
from Difranza et al. 2002b [22])
1. Have you ever tried to quit but couldn’t?
2. Do you smoke now because it is really hard to quit?
3. Have you ever felt like you were addicted to tobacco?
4. Do you ever have strong cravings to smoke?
5. Have you ever felt like you really needed a cigarette?
When you tried to stop smoking (or when you haven’t used tobacco
for a while)
6. Is it hard to keep from smoking in places where you are not
supposed to, like school?
7. Did you find it hard to concentrate because you couldn’t smoke?
8. Did you feel more irritable because you couldn’t smoke?
9. Did you feel a strong need or urge to smoke?
10. Did you feel nervous, restless, or anxious because you couldn’t
smoke?
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craving, which does not depend on consumption or any
other behavior. For example, DiFranza et al. [26] have
recently suggested that “Nicotine dependence measures
such as days smoked per month, cigarettes smoked per
day, time to first morning cigarette, a lot of time spent
smoking, difficulty refraining, using more than intended,
tolerance, use despite harm, prioritization and stereotypy
of use [42-44], indirectly reflect the compulsion to
smoke and/or the latency. A direct approach to deter-
mine/assess nicotine dependence would be to inquire
about wanting, craving and needing and their respective
latencies.”
T h es u g g e s t i o nt h a tn i c o t i n ed e p e n d e n c ec a nb e
reduced to craving is contradicted by converging lines
of empirical evidence. First, craving is not specific to
drugs. Many appetitive habits that do not involve drugs,
such as eating [45,46], gambling [4,47] or the internet
[48], are associated with craving levels that are just as
powerful as those reported for the most addictive drugs
[47]. As smoking combines (and therefore confounds)
an appetitive behavioral habit and a drug, craving for
smoking cannot be equated with craving for nicotine.
Second, in the case of smoking, craving is often disso-
ciated from actual nicotine consumption or withdrawal.
For example, religious Jews who do not smoke during
the Sabbath [49] reported no craving on Saturday morn-
ing, following an overnight abstinence, but high levels of
c r a v i n gd u r i n gaw o r k d a yw h e nt h e ys m o k e da dl i b .
Similarly, non-daily smokers reported much higher crav-
i n gl e v e l so nd a y st h a tt h e ys m o k e da sc o m p a r e dt o
days that they did not smoke [50]. A study of flight
attendants [51] who cannot smoke during the flight
showed that craving was related to the time remaining
to the end of the flight more than to the length of absti-
nence (and presumably, of nicotine withdrawal). These
findings are inconsistent with the suggestion that nico-
tine addiction could be reduced to craving to smoke.
Moreover, a consequence of reducing nicotine depen-
d e n c et os u b j e c t i v ec r a v i n gt os m o k ei st h a tt h er e s u l t s
of the “hooked on nicotine” research program cannot be
compared to results of studies that use the conventional,
DSM or ICD conceptualization of nicotine dependence.
In other words, this conception of addiction is so
removed from the rest of the field’sa st or e n d e rt h e
“hooked on nicotine” research program practically
incommensurable with other relevant research. This
problem is exacerbated by the methodology used to
assess smoking dependence and related variables in this
research program, to which we now turn.
Employing lenient criteria for dependence
As noted earlier, most studies in the “hooked on nico-
tine” research program (e.g., [30,52] register “loss of
autonomy,” which signals the beginning of nicotine
dependence, based on endorsement of a single HONC
item. This approach has been recently criticized by
Hughes and Shiffman [53], who noted three problems:
“First, almost all disorders are syndromes that, by defini-
tion, are composed of multiple signs and symptoms.
Second, requiring several signs and symptoms helps dis-
tinguish a clinically significant disorder. Setting a thresh-
old so low as to classify almost all users as ‘’dependent’’
risks blurring important distinctions among gradations
of dependence (—). Third, endorsement of a single
symptom can be unreliable and may reflect measure-
ment error or other extraneous influences” (p. 1812).
According to Hughes and Shiffman [53], “classifying
smokers as ‘’hooked’’ (i.e., fully dependent on nicotine)
on the basis of endorsing a single marker of dependence
is misleading in that it overdiagnoses and ignores
further development of the severity of dependence”
(p. 1812).
One exception to the problematic approach of regis-
tering “loss of autonomy” based on endorsement of any
one of the HONC items was a study by DiFranza et al.
[23]. As mentioned above, this prospective study of 217
six-grade students from Massachusetts who have ever
inhaled on a cigarette reported that 83 of these “inha-
lers” (38.2%) developed ICD-10-defined tobacco depen-
dence. Half of the participants met ICD-10 criteria by
t h et i m et h e yw e r es m o k i n go n l y4 6c i g a r e t t e sp e r
month and 25% were nicotine dependent when they
were smoking only 8 or fewer cigarettes per month and
tobacco dependence as defined by the ICD-10 was diag-
nosed as early as 13 days after the first inhalation.
The import of these findings is undermined by the
method used to establish ICD diagnoses in this study.
The study used a 22-item interview to assess tobacco
dependence symptoms. Three or more symptoms were
required for a diagnosis, as required by the ICD criteria.
The interview items used to assess these symptoms,
however, were very lenient. For example, “Are you
smoking more now than you planned to when you
started?” was used to represent the criterion of difficul-
ties in controlling tobacco-taking behavior in terms of
its onset, termination, or levels of use. Neglect of alter-
native pleasures could be fulfilled by endorsing the item,
“Do you find that you are spending more of your free
time trying to get cigarettes?” The criterion of use
despite harm could be fulfilled by answering affirma-
tively the question “Has a doctor or nurse told you that
you should quit smoking because it was damaging your
health?” Consequently, a participant who smoked two
cigarette per week (but had planned on smoking only
one), spent more time trying to get these two cigarettes
than when he used to smoke only one per week and
was told by the school nurse that smoking was bad for
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tobacco dependence. Findings based on such lenient cri-
teria for tobacco dependence are of questionable signifi-
cance, and again, cannot be compared to findings based
on more conservative criteria.
Relying on responders’ causal attributions for physical
and mental “symptoms”
In addition to the problems inherited in using a single
item to assess “loss of autonomy,” there are problems
with the validity of the HONC items themselves. The
principal problem is that most the items require partici-
p a n t st oj u d g et h ec a u s e so ft h e i ro w nb e h a v i o r sa n d
feelings. This is particularly evident in regard to the
items designed to assess nicotine withdrawal (the last 5
items in the HONC). The authors of the HONC were
aware that many of the “symptoms” in this list may be
unrelated to smoking, and attempted to resolve this
potential confound. “Since symptoms associated with
nicotine withdrawal, such as irritability, can have other
causes these symptoms were counted only if subjects
attributed them to nicotine withdrawal” [20], p. 317).
This does not resolve the problem, however, it has been
established for more than three decades now that such
causal attributions have very limited validity. In their
classic paper, “Telling More Than We Can Know,” Nis-
bett and Wilson [54] demonstrated that when people
provide introspective reports on the causes of their
behavior, what they really are doing is making reason-
able inferences about what the causes must have been.
Moreover, Nisbett and Wilson [54] and others [55]
showed that a major source of such post hoc causal
inferences is culturally-provided theories. As nicotine
addiction is a widely accepted theory for why people
smoke, responders would be likely to perceive them-
selves as addicted to nicotine and to attribute “symp-
toms” such as lack of concentration and irritability to
nicotine withdrawal, especially if this particular attribu-
tion is suggested by the survey items.
None of the articles we reviewed acknowledged the
difficulty inherent in taking participants’ causal attribu-
t i o n sa tf a c ev a l u e .S o m ee v e na s s u m et h a tp a r t i c i p a n t s
can accurately attribute their enjoyment of cigarettes to
nicotine: “Several of our subjects seemed to describe a
phenomenon akin to “love at first sight”, sensing imme-
diately that nicotine had a powerful influence on them”
[[20], p. 317]. The practice of taking such causal attribu-
tions at face value is endemic to the “hooked on nico-
tine” research program and compromises the validity of
t h em a j o r i t yo fi t ss t u d i e s .M o st significantly, it under-
mines the validity of the findings concerning self-
reported physical and mental addiction to smoking.
Gervais et al. [38] examined “milestones related to
symptoms of nicotine dependence.” Among these
milestones were “Time of first self-report of physical
addiction: survey date on which the participant first
responded “al i t t l e , ”“ quite” or “very” to the question
“How physically addicted to smoking cigarettes are
you?”” An identical item was used to record the mile-
stone of first self-report of mental addiction. Similar
questions were employed in other studies by this group
[28,38,39,56,57]. According to Gervais et al. [38], “These
items were developed based on earlier qualitative work
in which adolescents were asked to describe their
experiences of nicotine dependence and were able to
distinguish between what they perceived to be mental
and physical addiction.”
T h ec i t e ds t u d y[ 2 7 ]w a sc o n d u c t e dt o“explore ado-
lescent smokers’ understanding and their physiological
and psychological experience of addiction to nicotine.”
The researchers used focus groups of teenagers who
smoked in which they asked them, among other aspects
of their experience, about addiction and loss of auton-
omy. The claim that participants could validly report
physical addiction to nicotine was based on the observa-
tion that “When asked what exactly it was they were
addicted to, participants readily answered that it is the
nicotine in cigarettes.” Clearly, the responders had no
way of knowing this for a fact and their ready answer
only proves that they believed that smoking was driven
by nicotine. Additionally, some participants “described
fairly specific physical symptoms.” These “fairly specific”
symptoms included “feeling of lack, or emptiness: ‘feel-
ings of emptiness, like an empty spot in here’ (points to
chest)—sensations in other parts of their bodies such as
‘in your blood; in your head’ (i.e., a physical sensation in
the head); ‘like being hungry’. Others had trouble detect-
ing whether the feeling was more in their bodies or their
minds: ‘All of it, it’se v e r y t h i n g ’; ‘Id o n ’tk n o ww h a tt h e
physical feeling of being addicted is’; ‘Id o n ’tk n o wh o w
it feels in my body. I think I can only feel it in my
head’; ‘you feel it in both your head and your body’”
(p. 205). So in fact, the study by O’Loughlin et al. [27]
demonstrates only that the participants shared the belief
that nicotine is the source of their addiction. The study
does not provide any basis for the statement that young
smokers can validly recognize physical addiction and
distinguish it from mental addiction. Moreover, the
claim that self-perceived mental and physical addiction
can be validly distinguished by participants is inconsis-
tent with the fact that the two measures are highly
correlated.
According to Okoli et al. [57], for example, “perceived
mental and physical addiction were modestly correlated
(Spearman’s rho = .64, p < .001).” A correlation of .64 is
hardly “modest” - in fact, considering that single items
are not very reliable, it suggests a very considerable
overlap between the two items. The overlap between the
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correlations with other measu r e s .I nR i c h a r d s o ne ta l .
[58], for example, the patterns of correlations between
mental and physical addiction and other measures of
dependence are essentially identical (see [58] - Table
four). An especially vivid illustration of the overlap
between the two measures is provided in a study by
Okoli et al. [56], in which the relationships of smoking
status to physical addiction and to mental addiction are
presented graphically side by side (Figure two in [56] -
see Figure 1). The two curves are identical, as can
clearly be seen from Figure two, in which we superim-
posed the values for the two curves. The identity of the
two curves strongly suggests that self-reported physical
addiction cannot be distinguished from self-reported
mental addiction.
Biased coding and interpretation of the data
In addition to the methodological flaws noted above,
several of the studies we reviewed were marred by
biased coding and interpretation of the data. For exam-
ple, Okoli et al. [57] examined the relationship between
self-reported physical and mental addiction to tobacco
and perceived susceptibility to smoke in the future. Par-
ticipants were asked how physically addicted and how
mentally addicted to tobacco they were right now.
Responses were rated on 10-point scales with 0 = “not
at all addicted” and 10 = “very addicted.” However,
because of the severely positively skewed distributions of
these addiction measures, “and for ease of conceptual
interpretation, individuals selecting “0” were coded as ‘0
=n o ’ and individuals selecting greater than “0” were
coded as ‘1=y e s ’.” Thus, a respondent who rated his
level of dependence as “1” on a scale of 0-10 was cate-
gorized as perceiving himself as addicted to tobacco,
which is a rather distorted interpretation of this
response.
Similarly, susceptibility to smoking was assessed by
asking participants how likely it is that they will ever
smoke in the future, with response choices: ‘very likely,’
‘somewhat likely,’‘ rather unlikely’ and ‘very unlikely.’ In
creating the categories of ‘susceptible’ and ‘unsuscepti-
ble,’ the authors “applied a strict criterion of limiting the
‘nonsusceptible’ category to only those who were ‘very
unlikely’.” In other words, responders who said they
were ‘rather unlikely’ to ever smoke in the future were
treated as if they perceived themselves as susceptible to
future smoking, which again distorts the meaning of this
r e s p o n s e .T h i si sp a r t i c u l a r l yp u z z l i n gc o n s i d e r i n gt h a t
in their previous study using the same scale [56], the
response ‘rather unlikely’ was coded as ‘non-susceptible.”
The findings of Okoli et al. [57] are presented in a
way that further distorts the actual data. The study is
titled “Non-smoking youths’“ perceived” addiction to
tobacco is associated with their susceptibility to future
smoking.” Susceptibility, however, is just as “perceived”
as addiction in this study. The study does not show that
perceived addiction predicts actual susceptibility (future
use). It only shows a correlation between two subjective
responses, one of which (perceived addiction) may be of
doubtful validity, especially in naïve participants. Adding
to that the fact that both responses were re-coded in a
Figure 1 The relationships of smoking status to self-reported physical addiction and mental addiction (Adapted from Figure 2 in
Okoli et al. [56]).
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clusions that can be drawn from this study.
In the study of Gervais et al. [38] mentioned above,
“Time of first withdrawal symptom” was defined as the
survey date on which the participant first responded
“rarely,”“ sometimes” or “often” to the question “Now
think about the times when you have cut down or
stopped using cigarettes or when you haven’t been able
to smoke for a long period (like most of the day). How
often did you experience feeling a strong urge or need
to smoke?” The response “rarely” to this question was
coded as confirmation of withdrawal, which again dis-
tort the meanings of this response and undermines any
conclusions that can be drawn from it.
Some of the studies suffer from an undetected statisti-
cal bias. For example, to support their theory that the
number of cigarettes smoked has a critical impact on
getting hooked, Scragg et al. [34] present a figure (Fig.
one in [34]) that shows a negative linear relationship
between the number of cigarettes ever smoked and the
probability of being currently abstinent. According to
the article, “Fig. one is rather ominous in its depiction
of the relationship between early tobacco use, the loss of
autonomy, and the dwindling prospects for early cessa-
tion. Beginning with the first, each cigarette appears to
increase the likelihood that autonomy will be lost, and
to decrease the likelihood of quitting” (p. 697). The
inference that the number of cigarettes ever smoked is
causally related to the ability to quit is false, however, as
the two figures are not independent. The chance of
being categorized as a current smoker in the survey was
higher for those who smoked more in their lifetime sim-
ply as a statistical fact. If one participant has smoked
100 cigarettes over her lifetime and another only two,
there was a much higher likelihood that the former par-
ticipant would have smoked at least one of her cigar-
ettes during the survey period, which would earn her
the label of “current smoker.”
Finally, some of studies contain biases that seem to
stem from confusion in regard to the mechanisms that
are believed to underlie smoking dependence. For exam-
ple, in the study of Gervais et al. [38] discussed above,
another “milestone” related to nicotine dependence was
“Time of first symptom of tolerance: survey date on
which the participant first responded “ab i tt r u e ” or
“very true” to the statement “Compared to when I first
started smoking, I can smoke much more now before I
start to feel nauseated or ill.” This item misses the
point, as addiction is supposed to be driven by tolerance
to the reinforcing effects of drugs, not to their aversive
or negative effects. The mechanism by which tolerance
leads to increased drug use is that the user no longer
receives these desired effects, as DiFranza and Wellman
[59] specifically posit in their own theory of nicotine
addiction. Tolerance to the negative effects of drugs
enables using more of the drug, but does not motivate
increased use [60].
Conclusion
The “hooked on nicotine” research program addresses
the very important and timely issue of adolescent smok-
ing. This review of the “hooked on nicotine” research
program suggests, however, that its findings concerning
the speed and ease by which adolescents can become
addicted to smoking are invalidated by major conceptual
and methodological flaws. These flaws include an unten-
able and idiosyncratic conceptualization of addiction
which is incommensurable with the rest of the field’s,
basing the assessment of dependence on a single item
or on extremely lenient criteria and relying on partici-
pants’ causal attributions in regard to their subjective
states, including self-reported mental and physical
addiction. While these methodological limitations are
sometimes noted, they are generally downplayed and do
not affect the decisiveness of the conclusions. Interpre-
tation of the findings is often biased and obvious caveats
and alternative explanations for the data are often
ignored. These problems undermine the contribution of
the “hooked on nicotine” research program to the
understanding of the nature and development of
tobacco smoking in adolescence. Further research in
this important area should consider the conceptual and
methodological problems noted in this review in order
to produce more reliable evidence regarding the initia-
tion and progression of smoking in adolescents.
Acknowledgements
The authors thank Dr. Saul Shiffman for his helpful comments on an earlier
draft of this manuscript.
Author details
1Tel Aviv University, P.O. Box 39040, Tel Aviv 69978, Israel.
2The Academic
College of Tel Aviv-Yafo, P.O. Box 16131, Tel Aviv, Israel.
Authors’ contributions
RD and HF reviewed the literature and wrote the paper together. Both
authors contributed to and have approved the final manuscript.
Competing interests
RD and HF have received fees for consulting to lawyers working with
tobacco companies. However, all their research, including this review, is
supported exclusively by academic funds.
Received: 27 July 2010 Accepted: 10 November 2010
Published: 10 November 2010
References
1. Anthony JC, Warner LA, Kessler RC: Comparative epidemiology of
dependence on tobacco, alcohol, controlled substances, and inhalants:
Basic findings from the national comorbidity survey. Experimental and
Clinical Psychopharmacology 1994, 2:244-268.
2. Levy DE, Biener L, Rigotti NA: The natural history of light smokers: A
population-based cohort study. Nicotine & Tobacco Research 2009,
11:156-163.
Dar and Frenk Harm Reduction Journal 2010, 7:28
http://www.harmreductionjournal.com/content/7/1/28
Page 7 of 93. DiNapoli PP: Early initiation of tobacco use in adolescent girls: key
sociostructural influences. Applied Nursing Research 2009, 22:126-132.
4. Castellani B, Rugle L: A Comparison of Pathological Gamblers to
Alcoholics and Cocaine Misusers on Impulsivity, Sensation Seeking, and
Craving. International Journal of the Addictions 1995, 30:275-289.
5. Macleod J, Hickman M, Bowen E, Alati R, Tilling K, Smith GD: Parental drug
use, early adversities, later childhood problems and children’su s eo f
tobacco and alcohol at age 10: birth cohort study. Addiction 2008,
103:1731-1743.
6. Storr CL: Characteristics associated with rapid transition to tobacco
dependence in youth. Nicotine & Tobacco Research 2008, 10:1099-1104.
7. Fidler JA, West R, Jarvis MJ, Wardle J: Early dating predicts smoking during
adolescence: a prospective study. Addiction 2006, 101:1805-1813.
8. Fields S, Collins C, Leraas K, Reynolds B: Dimensions of Impulsive Behavior
in Adolescent Smokers and Nonsmokers. Experimental and Clinical
Psychopharmacology 2009, 17:302-311.
9. Gilman SE, Rende R, Boergers J, Abrams DB, Buka SL, Clark MA, Colby SM,
Hitsman B, Kazura AN, Lipsitt LP, et al: Parental Smoking and Adolescent
Smoking Initiation: An Intergenerational Perspective on Tobacco Control.
Pediatrics 2009, 123:E274-E281.
10. Hu MC, Muthen B, Schaffran C, Griesler PC, Kandel DB: Developmental
trajectories of criteria of nicotine dependence in adolescence. Drug and
Alcohol Dependence 2008, 98:94-104.
11. Khuder SA, Price JH, Jordan T, Khuder SS, Silvestri K: Cigarette smoking
among adolescents in Northwest Ohio: correlates of prevalence and age
at onset. Int J Environ Res Public Health 2008, 5:278-289.
12. Munafo MR, Hitsman B, Rende R, Metcalfe C, Niaura R: Effects of
progression to cigarette smoking on depressed mood in adolescents:
evidence from the National Longitudinal Study of Adolescent Health.
Addiction 2008, 103:162-171.
13. Nonnemaker J, McNeely CA, Blum RW: Public and,private domains of
religiosity and adolescent smoking transitions. Social Science & Medicine
2006, 62:3084-3095.
14. Siegel M, Albers AB, Cheng DM, Hamilton WL, Biener L: Local restaurant
smoking regulations and the adolescent smoking initiation process.
Archives of Pediatrics & Adolescent Medicine 2008, 162:477-483.
15. Tercyak KP, Rodriguez D, udrain-McGovern J: High school seniors’ smoking
initiation and progression 1 year after graduation. American Journal of
Public Health 2007, 97:1397-1398.
16. Pomerleau OF, Pomerleau CS, Mehringer AM, Snedecor SA, Cameron OG:
Validation of retrospective reports of early experiences with smoking.
Addictive Behaviors 2005, 30:607-611.
17. Pomerleau OF, Pomerleau CS, Namenek RJ: Early experiences with
tobacco among women smokers, ex-smokers, and never-smokers.
Addiction 1998, 93:595-599.
18. Hu MC, Davies M, Kandel DB: Epidemiology and correlates of daily
smoking and nicotine dependence among young adults in the United
States. American Journal Of Public Health 2006, 96:299-308.
19. Sartor CE, Lessov-Schlaggar CN, Scherrer JF, Bucholz KK, Madden PAF,
Pergadia ML, Grant JD, Jacob T, Xian H: Initial response to cigarettes
predicts rate of progression to regular smoking: Findings from an
offspring-of-twins design. Addictive Behaviors 2010, 35:771-778.
20. DiFranza JR, Rigotti NA, McNeill AD, Ockene JK, Savageau JA, St Cyr D,
Coleman M: Initial symptoms of nicotine dependence in adolescents.
Tobacco Control 2000, 9:313-319.
21. DiFranza JR, Savageau JA, Rigotti NA, Fletcher K, Ockene JK, McNeill AD,
Coleman M, Wood C: Development of symptoms of tobacco dependence
in youth: 30 month follow up data from the DANDY study. Tobacco
Control 2002, 11:228-235.
22. DiFranza JR, Savageau JA, Fletcher K, Ockene JK, Rigotti NA, McNeill AD,
Coleman M, Wood C: Measuring the loss of autonomy over nicotine use
in adolescents - The DANDY (development and assessment of nicotine
dependence in youths) study. Archives of Pediatrics & Adolescent Medicine
2002, 156:397-403.
23. DiFranza JR, Savageau JA, Fletcher K, Pbert L, O’Loughlin J, McNeill AD,
Ockene JK, Friedman K, Hazelton J, Wood C, et al: Susceptibility to nicotine
dependence: The development and assessment of nicotine dependence
in youth 2 study. Pediatrics 2007, 120:E974-e983.
24. DiFranza JR, Savageau JA, Fletcher K, O’Loughlin J, Pbert L, Ockene JK,
McNeill AD, Hazelton J, Friedman K, Dussault G, et al: Symptoms of
tobacco dependence after brief intermittent use - The development and
assessment of nicotine dependence in youth-2 study. Archives of
Pediatrics & Adolescent Medicine 2007, 161:704-710.
25. DiFranza JR, Ursprung WWSA: The latency to the onset of nicotine
withdrawal: A test of the sensitization-homeostasis theory. Addictive
Behaviors 2008, 33:1148-1153.
26. DiFranza JR, Ursprung WWS, Carson A: New insights into the compulsion
to use tobacco from an adolescent case-series. Journal of Adolescence
2010, 33:209-214.
27. O’Loughlin J, Kishchuk N, DiFranza J, Tremblay M, Paradis G: The hardest
thing is the habit: a qualitative investigation of adolescent smokers’
experience of nicotine dependence. Nicotine Tob Res 2002, 4:201-209.
28. O’Loughlin J, DiFranza J, Tyndale RF, Meshefedjian G, Millan-Davey E,
Clarke PBS, Hanley J, Paradis G: Nicotine-dependence symptoms are
associated with smoking frequency in adolescents. American Journal of
Preventive Medicine 2003, 25:219-225.
29. Ursprung WWSA, DiFranza JR: The loss of autonomy over smoking in
relation to lifetime cigarette consumption. Addictive Behaviors 2010,
35:14-18.
30. Wellman RJ, DiFranza JR, Savageau JA, Dussault GF: Short term patterns of
early smoking acquisition. Tobacco Control 2004, 13:251-257.
31. Wellman R, McMillen R, DiFranza J: Assessing college students’ autonomy
over smoking with the Hooked on Nicotine Checklist. Journal of American
College Health 2008, 56:549-553.
32. American Psychiatric Association: Diagnostic and statistical manual of
mental disorders. Washington, DC: American Psychiatric Association; 1980.
33. Benowitz NL, Henningfield JE: Establishing A Nicotine Threshold for
Addiction - the Implications for Tobacco Regulation. New England Journal
of Medicine 1994, 331:123-125.
34. Scragg R, Wellman RJ, Laugesen M, DiFranza JR: Diminished autonomy
over tobacco can appear with the first cigarettes. Addictive Behaviors
2008, 33:689-698.
35. Shiffman S: Tobacco Chippers - Individual-Differences in Tobacco
Dependence. Psychopharmacology 1989, 97:539-547.
36. Shiffman S, Paty J: Smoking patterns and dependence: Contrasting
chippers and heavy smokers. Journal of Abnormal Psychology 2006,
115:509-523.
37. World Health Organization: The ICD-10 classification of mental and
behavioural disorders: Diagnostic criteria for research. The ICD-10
classification of mental and behavioural disorders: Diagnostic criteria for
research 1993, xiii+248p.
38. Gervais A, O’Loughlin J, Meshefedjian G, Bancej C, Tremblay M: Milestones
in the natural course of onset of cigarette use among adolescents.
Canadian Medical Association Journal 2006, 175:255-261.
39. Belanger M, O’Loughlin J, Okoli CTC, McGrath JJ, Setia M, Guyon L,
Gervais A: Nicotine dependence symptoms among young never-smokers
exposed to secondhand tobacco smoke. Addictive Behaviors 2008,
33:1557-1563.
40. Bargh JA: The automaticity of everyday life. In The automaticity of everyday
life: Advances in social cognition. Volume 10. Mahwah, NJ, US: Lawrence
Erlbaum Associates Publishers; 1997:1-61.
41. Bargh JA, Chartrand TL: The unbearable automaticity of being. American
Psychologist 1999, 54:462-479.
42. American Psychiatric Association: Diagnostic and statistical manual of
mental disorders: DSM-IV-TR. Washington, DC: American Psychiatric
Association; 2000.
43. Fagerstrom KO: Measuring Degree of Physical-Dependence to Tobacco
Smoking with Reference to Individualization of Treatment. Addictive
Behaviors 1978, 3:235-241.
44. Shiffman S, Sayette MA: Validation of the nicotine dependence syndrome
scale (NDSS): a criterion-group design contrasting chippers and regular
smokers. Drug and Alcohol Dependence 2005, 79:45-52.
45. Lacey JH, Coker S, Birtchnell SA: Bulimia - Factors Associated with Its
Etiology and Maintenance. International Journal of Eating Disorders 1986,
5:475-487.
46. McManus F, Waller G: A functional analysis of binge-eating. Clinical
Psychology Review 1995, 15:845-863.
47. Rosenthal RJ, Lesieur HR: Self-reported withdrawal symptoms and
pathological gambling. The American Journal on Addictions 1992, 1:150-154.
48. Block JJ: Issues for DSM-V: Internet addiction. American Journal of
Psychiatry 2008, 165:306-307.
Dar and Frenk Harm Reduction Journal 2010, 7:28
http://www.harmreductionjournal.com/content/7/1/28
Page 8 of 949. Dar R, Stronguin F, Marouani R, Krupsky M, Frenk H: Craving to smoke in
orthodox Jewish smokers who abstain on the Sabbath: a comparison to
a baseline and a forced abstinence workday. Psychopharmacology 2005,
183:294-299.
50. Shiffman S, Ferguson S, Scharf D, Tindle H, Scholl S: Non-daily smokers’
craving and withdrawal when they are not smoking. Oral presentation at
the Annual Meeting of the Society for Research on Nicotine and Tobacco,
Dublin, Ireland; 2009.
51. Dar R, Rosen-Korakin N, Shapira O, Gottlieb Y, Frenk H: The Craving to
Smoke in Flight Attendants: Relations With Smoking Deprivation,
Anticipation of Smoking, and Actual Smoking. Journal of Abnormal
Psychology 2010, 119:248-253.
52. Wheeler KC, Fletcher KE, Wellman RJ, Difranza JR: Screening adolescents
for nicotine dependence: The hooked on nicotine checklist. Journal of
Adolescent Health 2004, 35:225-230.
53. Hughes J, Shiffman S: Conceptualizations of nicotine dependence: A
response to DiFranza. Nicotine & Tobacco Research 2008, 10:1811-1812.
54. Nisbett RE, Wilson TD: Telling More Than We Can Know - Verbal Reports
on Mental Processes. Psychological Review 1977, 84:231-259.
55. Bowers KS: On being unconsciously influenced and informed. In The
unconscious reconsidered. Edited by: Bowers KS, Meichenbaum D. New York:
Wiley; 1984:227-272.
56. Okoli CTC, Richardson CG, Ratner PA, Johnson JL: An examination of the
smoking identities and taxonomies of smoking behaviour of youth.
Tobacco Control 2008, 17:151-158.
57. Okoli CTC, Richardson CG, Ratner PA, Johnson JL: Non-smoking youths’
“perceived” addiction to tobacco is associated with their susceptibility
to future smoking. Addictive Behaviors 2009, 34:1010-1016.
58. Richardson CG, Johnson JL, Ratner PA, Zumbo BD, Bottorff JL, Shoveller JA,
Prkachin KM: Validation of the Dimensions of Tobacco Dependence Scale
for adolescents. Addictive Behaviors 2007, 32:1498-1504.
59. DiFranza JR, Wellman RJ: A sensitization-homeostasis model of nicotine
craving, withdrawal, and tolerance: Integrating the clinical and basic
science literature. Nicotine & Tobacco Research 2005, 7:9-26.
60. Frenk H, Dar R: A critique of nicotine addiction New York, NY, US: Kluwer
Academic/Plenum Publishers; 2000.
doi:10.1186/1477-7517-7-28
Cite this article as: Dar and Frenk: Can one puff really make an
adolescent addicted to nicotine? A critical review of the literature. Harm
Reduction Journal 2010 7:28.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Dar and Frenk Harm Reduction Journal 2010, 7:28
http://www.harmreductionjournal.com/content/7/1/28
Page 9 of 9